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Abstract - Incubat ion o f  the heterocyc l ic  cooked food mutagen 2-amino-3.4-dimethyl-3H- 

imidazoL4.5-fjquinoline (MeIQ, 3) w i t h  mixed human feca l  m ic ro f l o ra  under anaerobic 

condi t ions y i e lded  2-amino-3.6-dihydro-3.4-dimethyl-7H-imidazoL4,5-f~quinolin-7-one 

(HOMeIQ, 4) as the  major detec tab le  metabol i te.  HOMeIQ (4) was synthesized i n  s i x  steps 

from 6-bromo-7-methylquinoline (5). 

The importance o f  d i e t a r y  fac tors  i n  the epidemiology of colon cancer has become increas ing ly  

recognised over the l a s t  several years.' The heterocyc l ic  py ro l ys i s  products formed on cooking 

meat and o ther  proteinaceous foods have been recognised as major con t r i bu to rs  t o  the t o t a l  

mutagenic andfor carcinogenic burdens2 and have been shown t o  be responsible f o r  the r i s e  i n  fecal 

mutagenic i ty upon i nges t i on  o f  f r i e d  beef.3 Because o f  the importance o f  these he te rocyc l i c  

carcinogens, i t  becomes necessary t o  understand t h e i r  metabolism i n  the  human gas t ro in tes t i na l  

t r a c t ,  so t h a t  the f u l l  ex tent  o f  the r i s k  o f  these compounds t o  human hea l t h  can be understood 

and, perhaps, a l l ev ia ted .  

I n  e a r l i e r  studies we repor ted on the anaerobic metabolism o f  the potent mutagen and carcinogen 2- 

amino-3-methyl-3H-imidazoL4,5-fjquinoline ( I Q ,  1)  t o  2-amino-3,6-dihydro-3-methyl-7H-imidazol4,5- 

5 f lquinol in-7-one (HOIQ. z ) , ~  on the syntheses o f  HOIQ (2).  on the microb io log ica l  conversion of 

19 (1) t o  HOlQ (2) and on the mutagenic i ty o f  HOlQ ( z ) , ~  and on the a viva conversion of I Q  (1) 

t o  HOIQ ( ~ 1 . ~  P a r t i c u l a r l y  s i g n i f i c a n t  i s  the f ind ing t h a t  HOlQ (2) i s  a  potent d i rec t -ac t i ng  

mutagen, wh i le  10 (1) i t s e l f  requ i res  metabol ic ac t iva t ion .  6 

The py ro l ys i s  product 2-amino-3,4-dimethyl-3H-imidazol4,5-fJquinoline (MeIQ, 3) i s  one of the  most 



1 R = H  3 R:CH, 2 R = H  4 R-CH,  

potent bac te r i a l  mutagens known.2e F i r s t  reported by Sugimura and h i s  co-workers.' i t  i s  a  

9 potent carcinogen i n  mice and rats.'' I t  requires metabolic a c t i v a t i o n  f o r  i t  t o  show 

s i g n i f i c a n t  ac t iv i ty . ' '  We now repo r t  t ha t  Melg (3) undergoes microb ia l  t ransformat ion by human 

feca l  bac ter ia  t o  3,6-dihydro-3,4-dimethyl-7H-imidazol4,5-fquinolin-7-one (HOMeiQ. 41, and we 

also repo r t  a  synthesis of HOMelg (4). 

RESULTS AND DISLUSSION 

Incubat ion of L ~ ~ L I M ~ ~ Q  (3) w i t h  d i l u t e d  human feces o r  pure cu l tu res  o f  Eubacterium moni l i forme 

as prev ious ly  d e ~ c r i b e d . ~ "  fo l lowed by ex t rac t i on  o f  aromatic metabol i tes w i t h  blue cotton. 4.12 

y ie lded one major metabo l i te  as determined by radioautography. Incubat ion o f  [ 1 4 ~ ] f l e l ~  (3) f o r  

up t o  8  days w i t h  autoclaved feces o r  w i t h  8HI bro th  alone y ie lded unchan~ed s t a r t i n g  mater ia l ,  

i nd i ca t i ng  t h a t  the new compound observed was a  t rue  bac te r i a l  metabo l i te  and not a  chemical 

decomposition product. 

Su f f i c i en t  quan t i t i es  of the metabo l i te  f o r  chemical work were obtained by incubat ing unlabeled 

MeIQ (31 under i d e n t i c a l  cond i t ions  t o  those used f o r  the  labe led compound. The major metabol i te 

was i so la ted  by ex t rac t i on  w i t h  blue cot ton followed by a  f i n a l  C18-hplc p u r i f i c a t i o n ;  the 

i so la ted  metabol i te was chromatographically i d e n t i c a l  w i t h  the 14c-metabolite on t l c .  The 'H nmr 

spectrum of the metabo l i te  showed the presence of one p a i r  of artho protons ( p a i r  of doublets a t  

8.27. 6.43 ppm, J = 9.6 Hz) and an aromatic s i n g l e t  a t  6.66 ppm; s i ng le t s  f o r  two i so la ted  methyl 

groups were observed a t  2.64 and 3.72 ppm. The mass spectrum showed a  molecular i on  a t  g/z 228. 

corresponding t o  the  composit ion Cl2Hl2N40, O r  MeIQ (3 )  t 0. 

Based on t h i s  evidence, and by analogy w i t h  the s t ruc tu re  o f  the metabol ic product formed from 1Q 

the metabol i te was assigned the s t ruc tu re  2-amino-3,6-dihydro-3.4-dimethyl-7H- 

imidazoL4,5-fjquinolin-7-one, o r  HOMelQ (4).  

Confirmation of s t ruc tu re  4 f o r  the metabo l i te  was obtained by synthesis. The f i r s t  approach was 

modeled on our successful synthesis of HOIQ (z ) . '  N i t r a t i o n  o f  b-bromo-7-methylquinoline (5) 

y ie lded the 5 - n i t r o  de r i va t i ve  6, which was converted t o  the amine 7 as prev ious ly  described.13 

Pro tec t ion  o f  the amine as i t s  acety l  de r i va t i ve  gave the amide 8, and ox ida t i on  w i t h  mch lo ro -  



HETEROCYCLES, Vol. 29, No. 6, 1989 



perbenzoic a c i d  (MCPBA) gave the  N-oxide 9 i n  good y i e l d .  Rearrangement o f  9 t o  the  quinolone 10 

proceeded smoothly, b u t  hyd ro l ys i s  o f  10 t o  the  des i red  amine 15 was n o t  successful .  Hydm lys i s  

under m i l d  a c i d  o r  base cond i t i ons  y i e l d e d  unchanged s t a r t i n g  ma te r i a l  wh i l e  hyd ro l ys i s  under 

more v igorous cond i t ions  gave products which had l o s t  t h e  n i t r o  group. 

Th i s  h y d r o l y t i c  s tep  had provea troublesome i n  our syn thes is  o f  HOIQ ( z ) , ~  bu t  care fu l  con t ro l  of 

cond i t i ons  had enabled us t o  make i t  work. I n  the p resent  case, the  a d d i t i o n a l  ortho subs t i t uen t  

t o  the  acetylamino group presumably prevents the  l a t t e r  from ach iev ing  c o p l a n a r i t y  w i t h  the r i n g ,  

and t hus  prevents con jugat ion  of the  amide n i t r ogen  l one  p a i r  w i t h  the n i t r o  group, thus  making 

nuc leoph i l i c  displacement of t h i s  n i t r ogen  more d i f f i c u l t .  

We t hus  turned t o  an a l t e r n a t e  r ou te  which success fu l l y  y i e l d e d  HOMeIQ (4) .  a l b e i t  i n  low y i e l d .  

Ox ida t ion  o f  the n i t r o q u i n o l i n e  6 w i t h  MCPBA y i e l ded  the  N-oxide 11, which rearranged t o  a  

m i x tu re  o f  the quinol in-7-one 13 and the  acetoxyquinol ine 12 on heat ing w i t h  a c e t i c  anhydride. 

Treatment e i t h e r  of 12 alone o r  o f  t h e  m i x tu re  o f  12 and 13 w i t h  methylamine y i e l ded  a  mix tu re  of 

the  displacement products 14 and 15, w i t h  the  desired product  15 i n  s l i g h t l y  h igher  y i e l d ;  we 

were un for tunate ly  unable t o  f i n d  cond i t i ons  under which s e l e c t i v e  displacement of bromine 

occurred. F i na l  convers ion of the n i t roamine 15 t o  HOMeIQ (A) was achieved by reduc t ion  w i t h  

Raney n i c k e l  and hydrogen, fo l lowed by t reatment o f  the  r e s u l t i n g  diamine w i t h  bromocyanogen. 

The produc t  4  was i d e n t i c a l  i n  a l l  respec ts  ( I H  nmr, ms, t l c ,  hp l c )  w i t h  the  produc t  obtained by 

metabolism of Me19 (2) .  The r e l a t i v e  m o b i l i t i e s  o f  MeIQ (3 )  and HOMeIQ (4)  on t l c  were 0.72 and 

0.42 respec t i ve l y ;  on hp l c  t h e i r  k '  values were 6.3 and 12.6 r espec t i ve l y .  

EXPERIMENTAL 

General 

General experimental procedures were as p rev i ous l y  d e ~ c r i b e d . ~ ' ~  'H-~mr chemical s h i f t s  are 

r epo r t ed  i n  pa r t s  per  m i l l i o n  from i n t e r n a l  te t ramethy ls i lane .  

Synthesis o f  L ~ - ~ ~ c ~ M ~ I Q  (3) 

L ~ - ~ ~ L ~ M ~ I Q  (3 )  was prepared by the method o f  Adolfsson. 13 

Incubat ion  o f  MeIQ (3) w i t h  feces and pure cu l t u res  

PeIQ (3 )  was incubated w i t h  f resh  whole feces and pure cu l t u res  of Eubacterium monoliforme VPI 

13480 as p rev ious ly  descr ibed f o r  & vitro product ion of HOIQ (2)  from IQ Ten grams of 

feces o r  1 m1 of an 18 h  c u l t u r e  o f  I, moni l i forme were resuspended i n  10 ml o f  b r a i n  hear t  

i n f u s i o n  b ro th  supplemented w i t h  10-50 vglml MeIQ (3 ) .  The suspensions were incubated 

anaerob ica l l y  a t  37-C f o r  2-5 days. 
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Ex t rac t i on  and i s o l a t i o n  o f  the me tabo l i t e  

The me tabo l i t e  was ex t r ac ted  f rom the  d i l u t e d  feces and pure cu l t u res  w i t h  b lue  c o t t o n  as 

p rev i ous l y  a e ~ c r i b e d . ~ ' ~  The metabo l i te  was p u r i f i e d  from the  b l ue  co t ton  e x t r a c t s  by reverse 

phase hp l c  and cha rac te r i zed  by t l c  as p rev i ous l y  d e s ~ r i b e d . ~  The reverse phase system cons is ted  

of a Waters Radial  Compression Module and a Nova-Pak C18 c a r t r i d g e  w i t h  methanollwaterlamnonium 

hydroxide (40:60:2). Peaks were recorded and i n t eg ra ted  by an HP3390A i n t e g r a t i n g  recorder.  The 

t l c  system cons is ted  o f  s i l i c a  gel  p l a t e s  w i t h  chloroformlmethanolla~nonium hydroxide (85:15:1). 

Metabo l i te  s t r u c t u r e  

The me tabo l i t e  had the  f o l l ow ing  spectroscopic p rope r t i es :  'H nmr (CD30D) 8.27 ( lH ,  d, 

J = 9.6 Hz). 6.66 ( lH ,  s ) .  6.43 ( lH,  d. J = 9.6 Hz). 3.72 (3H. s). 2.64 (3H, s); eims !I; 

( r e l a t i v e  i n t e n s i t y )  228(~+' ,4) ,  213(1.5), 199(1),  185(3), 177(3), 158(2); uv (CH30H) Amax 362 

nm. 333, 273. 230. 

7-Methyl-6-bromo-5-nitroquinoline (6). 

6-~romo-7-methylquinoline~~ (10 g, 45.24 mmol) was added t o  an i c e  cooled m i x tu re  o f  concentrated 

H2S04 (20 ml )  and 90% HN03 (2.45 ml). A f t e r  being s t i r r e d  f o r  2 h below 20°C, t h e  r eac t i on  

mix tu re  was added t o  i c e  and made bas ic  w i t h  NH4o~. ~h~ b a s i c  aqueous was ex t rac ted  

w i t h  CHC13, and the  organ ic  layers  were combined, d r i e d  ( N ~ ~ s o ~ )  and evaporated. P u r i f i c a t i o n  by 

f l a sh  chromatography (CH2C12) y i e l ded  6 (7.3 g, 68%) mp 130-133"C(MeOH). 'H Nrnr (CDC13) 2.69 

(3H. s ) ,  7.52 ( 1 ~ .  dd, J~ = 8.9 HZ, J~ = 4.3 Hz), 8.13 ( lH ,  s) ,  8.99 (1H. d, J = 4.3 Hz); eims 

mlz ( r e l a t i v e  i n t e n s i t y )  268. 266 (M+'. 46, 50). 238, 236 (30. 32). 222. 220 (20,22). 210. 208 - - 
(16. 18). 187 (13). 141(100); uv Amax 325 nm (E 12.000). 310 (10.600). 270 (10.000). 230 

1 
(111,000); i r  (CHC13) 1580, 1540, 1460, 1360, 1310 cm- . Anal. Calcd f o r  C10H702Br: C. 44.94; H, 

2.62; N, 10.48. Found: C, 44.80; H, 2.61; N, 10.06. 

7-Methyl-6-methylamino-5-nitroquinoline (7). 

Methylamine (109 40% aqueous, 322 m 1 )  was added dropwise over 1 h t o  a r e f l u x i n g  s o l u t i o n  o f  6 

(59, 18.79 mmol) i n  ethanol  (60 ml ) .  A f t e r  r e f l u x i n g  f o r  another 4 h t l c  showed the  absence o f  

s t a r t i n g  ma te r i a l .  The s o l u t i o n  was then poured i n t o  i c e  water and ex t r ac ted  w i t h  CHC13. The 

e x t r a c t  was washed w i t h  water. d r i e d  ( N ~ ~ S O ~ )  and evaporated. C r y s t a l l i z a t i o n  o f  the  res idue 

from MeOH y i e l d e d  7 (39, 75%). mp 159-160"~  (1 i t . 13  1 6 1 - 1 6 2 ~ ) .  'H Nrnr (CDCI~) 2.45 (3H, s ) .  

3.00 (3H, d, J = 5.3 Hz), 5.25 ( lH,  b r  s), 7.40 ( lH,  dd, J1 = 8.7 Hz, J 2 '  4.2 Hz), 7.88 ( lH,  s), 

8.18 (1H. d, J = 8.7 Hz). 8.69 (lH, d, J = 4.2 Hz); eims !I& ( r e l a t i v e  i n t e n s i t y )  217 (M", 100). 

200 (55). 183 (20). 170 (45). 156 (40). 143 (65). 129 (20). 115 (45); uv imax 420 nm ( s  6500). 



350 (21,700). 290 (17.400). 250 (106.300); i r  (CHCl3) 3400. 2920. 1610, 1470, 1335, 1250. 1150 

cm-'. Hrms f o r  Cl1Hl1N3O2: M 217.0851. Found: M 217.0854. 

7-Meth~l-6-(N-acetyl-N-methyl1-5-nitroquinoline (8). 

Compound 7 (2.5 g. 11.5 m o l )  was d isso lved  i n  a c e t i c  anhydride (30 ml )  and p y r i d i n e  ( 5  m l )  and 

re f luxed f o r  6 h i n  an N2 atmosphere. So lven t  was removed g vacua and the  res idue was d isso lved  

i n  CHC13 and washed w i t h  water. The organ ic  l a y e r  was d r i e d  ( N ~ ~ S O ~ )  and evaporated. 

P u r i f i c a t i o n  by f l a s h  chromatography (CHC13, then CHC13; MeOH, 90:lO) af forded 8 (2.5 g, 84%. mp 

122-125°C (e ther ) .  'H Nmr (CDC13) 1.81 OH, s ) ,  2.47 (3H, s ) ,  3.19 (3H, s ) ,  7.54 ( lH,  dd, Jl = 

8.6 Hz. J2 = 4.2 Hz). 8.02 ( Ih,  dd. J1 = 8.6 Hz, J2  = 4.2 Hz); eims mlr ( r e l a t i v e  i n t e n s i t y )  260 

( ~ + l + ' .  100). 230 (45). 212 (50). 184 (6 ) ;  uv Amax 320 nm ( E  7,300). 312 (6.200). 225 (72,500); 

i r  (CHC13) 1690, 1620, 1550, 1500, 1400, 1340 cm-l. A n a l .  Calcd f o r  C13H13N304: C, 60.23; H, 

5.01; N, 16.21. Fauna: C,  60.09; H, 4.89; N, 16.18. 

7-Methyl-6-(N-acetyl-N-methyl)-5-nitroquinoline-N-oxide ( 9L ,  

A s o l u t i o n  of m-chloroperbenzoic a c i d  (2.64 g, 15.34 mmol) i n  50 ml of CHC13 was added dropwise 

over 2 h t o  a s t i r r e d  s o l u t i o n  of 8 (2.2 g, 8.49 mmol) i n  10 ml of CHC13 below OQC i n  an N 2 
atmosphere. The reac t i on  mix tu re  was s t i r r e d  f o r  an add i t i ona l  4 h  a t  the same temperature and 

then kept  overn igh t  a t  O'C. The s o l u t i o n  was then t r ea ted  w i t h  a sa tu ra ted  s o l u t i o n  o f  NaHC03 

and f i n a l l y  w i t h  water. The organic l a y e r  was d r i e d  ( M ~ S O ~ )  and evaporated invacuo. Flash 

chromatography (LHC13, then ChLl3:MeOH, 98:2) gave 9 (29, 87%) as a ye l l ow  s o l i d  which was 

r e c r y s t a l l i z e d  f rom EtOH, mp 160-163'C. 'H Nmr ( C D C ~ ~ )  1.84 (3H, s) ,  2.53 (3H. s ) .  3.21 (3H. s ) .  

7.45 (lH, dd, J1 = 8.6H2, J 2 =  5.9Hz). 7.54 (IH, d, J = 8 . 6 H r ) ,  7.45 ( IH,  dd, J 1 = 8 . 6 H z ,  

J2 = 5.9 Hz), 7.54 (lH, d, J = 8.6 hz) ,  8.59 (IH, d, J = 5.9 Hz), 8.91 (lH, s) ;  eims l l r  

( r e l a t i v e  i n t e n s i t y )  275 (M", 3). 229 (1001, 212 (40).  186 (121, 142 (20);  uv Amax  350 nm ( s  

8,200). 252 (23,400). 232 (42,600). 225 (41,200); i r  (CHC13) 3020, 1690, 1550, 1440, 1390. 1370, 

1270 cm-l. Anal. Calcd. f o r  CI3Hl3N3O4.1/2 H20: C, 54.92; H, 4.57; N, 14.78. Found: C, 55.12; 

H. 4.67; N. 14.67. 

7-Meth~l-6-(N-acet~l-N-methyl)-5-nitroquinolin-2-one (10). 

A s o l u t i o n  o f  9 (1.17 g, 6.18 m o l )  i n  50 ml o f  a c e t i c  anhydride was re f luxed f o r  23 h i n  an N2 

atmosphere. Solvent  was then removed in and the res idue was b a s i f i e d  w i t h  NH40H and 

ex t r ac ted  w i t h  CHC13. The organic phases were combined, d r i e d  ( N ~ ~ s o ~ )  and evaporated. 

P u r i f i c a t i o n  by f l a s h  chromatography (CHC13, then CHC13: MeOH, 95:5) y i e l ded  10 (19, 5 0 1 ,  which 

was c r y s t a l l i z e d  f rom EtOH, mp 238-240°C. 'H Nmr ( ~ 0 ~ 1 ~ )  1.81 (3H, s) ,  2.39 (3H, s] ,  3.14 (3H. 
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5). 6.84 (1H. d, J = 9 Hz), 7.52 (lH, s) ,  7.66 ( lH,  d, J = 9 Hz), 11.80 ( lH,  b r  s) ;  eims mlr 

( r e l a t i v e  i n t e n s i t y )  275 (M+', 1).  229 (100). 214 (10) .  199 (10) .  186 (20). 167 ( l o ) ,  158 (20) .  

142 (25). 130 (30) ;  uv Amax 340 nm ( s  3,7001, 280 (2,7001, 235 (20.600); ir (CHC13) 2900, 1660, 

1520, 1440, 1340, 1270 cm-l. Anal. Calcd f o r  C13H13N304: C, 56.72; H, 4.72; N, 15.27. Found: 

C, 56.41; H, 4.75; N, 15.12. 

7-Methyl-6-bromo-5-nitrwuinoline-N-oxide (11). 

Compound 6 (19, 3.75 mmol) was d i s s o l v e d  i n  1U ml of CHC13 and coo led  t o  below 0°C. A s o l u t i o n  

o f  m-chloroperbenzoic a c i d  (1.099 g. 6.38 mm) i n  30 ml of CHC13 was added dropwise over  2 h a t  

t h e  same temperature.  S t i r r i n g  was con t inued  f o r  4 h, and the  r e a c t i o n  m i x t u r e  was k e p t  

o v e r n i g h t  a t  ODC. The r e s u l t i n g  s o l u t i o n  was washed w i t h  s a t u r a t e d  NaHC03 and t h e n  w i t h  water .  

The ch lo ro fo rm l a y e r  was d r i e d  (MgS04) and evaporated w. P u r i f i c a t i o n  b y  f l a s h  

chromatography (CH2C12 then  CH2C12:MeOH, 98:2) a f f o r d e d  11 (0.945 g, 90%). mp 178-lk2'C (EtOH). 

'H Nmr (CDC13) 2.72 ( jH,  s ) ,  7.36-7.47 (2H, m), 8.55 ( lH ,  d, J = 5.8 Hz), 8.79 ( l h ,  s ) ;  eims 1 1 ~  

( r e l a t i v e  i n t e n s i t y )  264, 282 (M+', 100, 100). 254, 252 (10, 12), 238, 236 (30, 32) .  182 ( l o ) ,  
157 (15). 140 (35) .  129 (401, 102 (38); U V  Amax 340 nm ( E  5,600). 255 (17,600), 235 (27,500); i r  

(CHC13) 1560, 1400 1340, 1250 cm-l. Anal. Calcd  f o r  C10H703N2Br : C. 42.40; H, 2.47; N, 9.89. 

Found: C, 42.46; H, 2.49; N, 9.57. 

7-Methyl-6-bromo-5-nitroquinolin-Lone (12). 

A s o l u t i o n  of 11 (0.69, 2.12 mnal) i n  25 mi of a c e t i c  anhydr ide was r e f l u x e d  f o r  15 h i n  an N2 

atmosphere. S o l v e n t  was removed in and t h e  r e s i d u e  was b a s i f i e d  w i t h  NH40H and e x t r a c t e d  

w i t h  ChC13. The ch lo ro fo rm l a y e r s  were combined, d r i e d  (Na2S04) and evaporated, and the  product  

was p u r i f i e d  by f l a s h  chromatography (CHC13). E a r l y  f r a c t i o n s  a f f o r d e d  12 (150 mg, 21%), mp 130- 

133°C (EtOH). 'H Nmr (CDL13) 2.42 (3H, s), 2.68 (3H, s ) ,  7.32 ( l H ,  d, J = 8.9 Hz), 8.01 ( lH, s), 

8.03 ( lH,  d, J = 8.9 Hz); eims p ? / ~  ( r e l a t i v e  i n t e n s i t y )  326, 324 (M", 8.10). 284, 282 (98, loo ) ,  

238. 236 (30, 30). 226, 224 (20. 20) ,  210. 208 (15. 16), 173 (10) .  157 (20). 129 (35). 102 (30) ;  

uv A m a x  325 nm ( E  8,100), 310 (6,500). 235 (82,600); i r  (CHC13) 1760, 1580, 1560, 1350. 1160 ern-l. 
L a t e r  f r a c t i o n s  of t h e  column a f f o r d e d  13 (200 mg. 33%) which was c r y s t a l l i z e d  from MeOH as 

l i g h t  brown needles, mp > 300'C. Nmr (DMSO) 2.48 (3H, s ) ,  6.63 ( lH, d, J = 9.8 Hz), 7.42 (lH, 

s ) ,  7.57 ( lH ,  d, J = 9.8 Hz) 12.27 ( lH,  s ) ;  eims mlr ( r e l a t i v e  i n t e n s i t y )  284, 282 (M', 100, 

100). 238, 236 (40, 45), 226, 224 (15, 18) .  210, 208 (20, 25) .  173 ( l o ) ,  157 (30) .  129 (50). 102 

(40) ;  uv Amax 340 nm (E  12.200). 280 (6,600). 240 (6,900); i r  (KBr) 1655. 1510, 1350. 1180 cm- l ,  

Ana l .  Calcd f o r  C10H703N28r: C, 42.40; H, 2.47; N, 5.89. Found: C, 42.43; H, 2.50; N, 9.49. - 



7-Methyl-6-methvlamino-5-nitro-2(1H1-suinoline (15). 

Compound 12 (200 mg, 0.709 mmol] i n  6 ml of  EtOH and 33% methylamine i n  EtOH ( 2  ml )  were heated 

i n  a sealed tube f o r  6 h a t  120°C. A f t e r  t h i s  t ime so lven t  was removed invacuo. The products 

were p u r i f i e d  by f l a s h  chromatography (EtOAc, then EtOAc:MeOH, 90:lO). Ea r l y  f r a c t i o n s  a f f o rded  

14 (40 mg, 21%). mp 194-196°C (EtOH). 'H Nmr (LDClj) 2.47 (3H, s ) ,  2.97 (3H, s ) ,  6.60 ( IH,  d, J 

= 9.8 Hz), 6.89 (IH, s ) ,  8.10 (lH, d, J = 9.8 Hz), 11.69 (lH, s) ;  eims mlz ( r e l a t i v e  i n t e n s i t y )  

268, 266 (M+', 100, 100). 238, 236 (22, 20). 224, 222 (20, 18), 187 (50). 172 (30). 158 (55). 130 

(62). 117(40), 102(55); uv Amax 320 nm (E 5,300). 265 (9,300). 245 (14,600). 220 (18.600); i r  

(LHLl j) 3300, 1650, 1440, 1360 cm-l. L a t e r  f r a c t i o n s  y i e l d e d  15  (40 mg, 24%) as an orange s o l i d  

which was r e c r y s t a l l i z e d  from MeOH, mp 232-235'L. 'H Nmr ( ~ 0 ~ 1 ~ )  2.44 (3H, s ) ,  2.88 (3H, s) ,  

4.56 (IH, b r  s) ,  6.77 ( lH ,  d, J = 9.8 Hz), 7.36 (IH, s), 7.87 (lH, d, J = 9.8 Hz), 12.15 ( l h ,  b r  

s ) ;  eims mlr ( r e l a t i v e  i n t e n s i t y )  233 (M", 100). 216 (25). 199 (20). 187 (25). 172 (25). 158 

(45),  142 (30),  130 (40). 117 ( l o ) ,  103 (30).  77 (36); uv Amax  380 nm (E 9,300). 240 (72.200); i r  

(LhC13) 2900. 1660, 1620. 1580, 1515, 1440, 1345 cm-l. Anal. Calcd f o r  CllHllN303: M 233.0800. 

Found: M 253.0794. 

HOMeIQ (41.  

A s t i r r e d  mix tu re  o f  15 (20 mg, 0.085 mmol), Raney n i c k e l  (114 spatu la )  and ethanol  ( 5  ml )  was 

hydrogenated a t  room temperature f o r  15 min. The c a t a l y s t  was then f i l t e r e d  o f f  and the f i l t r a t e  

was t r e a t e d  w i t h  BrCN (20 mg, 0.188 mmol) and s t i r r e d  ove rn i gh t  a t  room temperature, a f t e r  which 

t h e  s o l u t i o n  was b a s i f i e d  w i t h  NH40H and evaporated. P u r i f i c a t i o n  by p repara t i ve  t l c  (CHC13 : 

MeOH : NH40H. 80 : 20 : 1 )  gave 4 (12.5 mg. 64%). mp > 340'C (EtOH). 'H Nmr (CD30D) 2.65 (3H. 

s ) ,  3.74 (3H. s)  6.45, (IH, d, J = 4.3 Hz), 6.69 ( lH,  s ) .  8.25 (IH, d, J = 9.3 HZ); eims m l r  
( r e l a t i v e  i n t e n s i t y )  228 (M+', 40). 213 (22). 199 (15). 185 (20).  177 (121, 158 (10). 114 (12).  

72 (35). 54 (100); uv Amax 360 nm ( c  5,100). 330 (17,100). 320 (18,500), 270 (23,700). 227 

(50,200); i r  (KBr) 3300, 3120, 1620, 1425, 1360, 1180 cm-l. The i s o l a t e d  product  was i d e n t i c a l  

1 ( H nmr, ms, t l c ,  h p l c )  w i t h  metabo l i te  i s o l a t e d  from feces. 
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